A double tilting holder with high stability is essential for in situ transmission electron microscopy (TEM), but the availability of such holders for in situ TEM studies under various external stimuli is limited. Here, we report a unique design of seal-bearing components that provides ultra-high stability and multifunctionality (including double tilting) in an in situ TEM holder. The seal-bearing subsystem provides superior vibration damping while maintaining excellent vacuum sealing and small form factor. Combining such seal-bearing subsystem with an optical fiber assembly, CL spectroscopy as well as in situ illumination can be performed on this platform with high spatial resolution imaging inside TEM.
A double tilting holder with high stability is essential for in situ transmission electron microscopy (TEM), but the availability of such holders for in situ TEM studies under various external stimuli is limited. Here, we report a unique design of seal-bearing components that provides ultra-high stability and multifunctionality (including double tilting) in an in situ TEM holder. The seal-bearing subsystem provides superior vibration damping while maintaining excellent vacuum sealing and small form factor. Combining such seal-bearing subsystem with an optical fiber assembly, CL spectroscopy as well as in situ illumination can be performed on this platform with high spatial resolution imaging inside TEM. [1] In this work, we have demonstrated the capability of this holder by several experiments including acquiring spectra on various phosphor powder, revealing electronic structure at the ZnSe/CZTSe interface, as well as photocatalytic behavior of metal/oxide interface.
ZnSe, one of the major secondary phases of CZTSe, is often found even in the highest efficient solar cell devices. However, its formation mechanism and effect on the cell performance is still controversial since classic characterization techniques are unable to provide direct correlation between nanostructures (such as precipitates) and the performance of the CZTSe solar cells. We carried out in situ off-axis holography to study the formation and electrical properties of ZnSe in CZTSe. An optical fiber passes through the holder and its rear end is coupled with a 50 mW laser. The laser wavelength used is 504 nm, which is smaller than the direct bandgap of CZTSe to ensure the charge carrier properly excited. During the in situ experiment, the real-time phase mapping was recorded with the illumination on and off, and the potential mapping is then derived during the post processing. The result indicates potential well formed at the interface that attracts electrons, which affects solar cell performance by decreasing minority carrier collection.
In conclusion, we have built an in situ TEM holder that enables both high resolution TEM imaging and optical input/output. The combination of in-situ illumination and off-axis holography in TEM is proven to be a promising tool to investigate the electrical properties of nanoscale features, like ZnSe embedded in CZTSe. In addition, real time photocatalytic behaviors such as classical metal/oxide system can be directly observed inside TEM, which provides new perspective to the development of new generation catalyst systems [2] . 
